Abstract. In order to achieve trademark defect detection on metal background of a spirit level, a gray-value image matching method based on feature points is introduced to improve the robustness of image matching and avoid image linear changing by camera rotation or placement deviation of spirit level on a conveyor belt which leads to an inaccurate result of the subsequent algorithm in image matching. Before the image matching, FAST and SUFT feature point detection is introduced to preliminarily correct linear image to overcome the impact of the linear transformation and to improve the accuracy and robustness of image matching.
Introduction
Spirit level is a major level measuring tool, and the trademark is printed on the surface of the metal ruler body. In the use of an industrial camera for image acquisition, the camera or the level itself will shift its position, resulting in the deviation from the standard position. This article proposes an algorithm based on the Features from Accelerated Segment Test algorithm [1] and Speeded up Robust Features algorithm [2] , using the feature point detection and matching to calculate the vector direction deviation of the corresponding feature points. Before the image matching, the gray scale distribution function and its derivative function are used to greatly reduce the matching area and accelerate the complete matching algorithm.
Image Preprocessing
Due to the work environment in the plant, the images acquired will be influenced by the noise, so that they will contain a certain noise components. So before the image correction, there's a need to preprocess such as threshold and median filtering.
Threshold Segmentation
Figure 1 is an image of spirit level trademark acquired in the plant environment. Through a series of experiment, we find a thresh=100 in the forward binary threshold to be a perfect value. Figure 2 shows the result map. 
Feature Points Matching
This article uses FAST to find all possible feature points, then uses SURF to check whether it is real feature point and describe it.
FAST Algorithm
FAST feature point detection algorithm bases on the gray value of image around the feature point. If there are enough pixels which are sufficiently different from candidate feature point in the neighborhood, the candidate feature point will be considered as a feature point. The speed of algorithm is very fast.
SURF Feature Point Description Operator
For the description of the feature points with rotation invariance, the main direction of each feature point is assigned. The method of SURF algorithm is to add up the feature of Harr wavelet in the field. And each feature point is a vector of 16*4=64 dimension [3] .
Feature Matching
This article uses the Euclidean distance:
By comparing two images, using an exhaustive search for the nearest descriptor, and setting a reasonable threshold, when a pair points reach the highest matching score and also exceed the threshold, they will be regarded as the best match [4] .
Affine Transformation Matrix
The general Affine transformation [5] expression is like Eq.2.
From Eq.2 we can see that as long as we know the affine transformation between the 3 points, we can find out the M matrix.
Grayscale Template Matching
Because of template matching is an exact match with a large amount of calculation, we used the gray distribution for coarse matching first to reduced the scope and then conducted fine matching through the correlation coefficient matching method.
Gray-scale Distribution of Coarse Matching
In this article, gray-scale distribution analysis under the (x, y)-dimensions was carried out on the image first to narrow range of template matching and save computation time. Figure 3-6 shows the result of the gray level distribution analysis in two dimensional for Figure 2 (dpi: 1600*1200). We adopt the method of gray-scale derivative in this article. The derivative function value should be zero in the flat region of the gray area. In Figure 6 in Figure   4 respectively. In this article, we can limit the detection range of Figure 2 
Template Matching
Template matching is to match the actual image block (template) and the input image by sliding image block in the input image. The matching operator of the correlation coefficient matching method is as follows:
(3) In Eq.3, 1 and -1 mean perfect match and bad match, yet 0 shows no correlation.
Experimental Result
Set a template figure in advance on the left in Figure 7 and a collected trademark figure with an obvious incline on the right.
Using FAST feature points detection in Figure 7 . Then using SURF to describe the feature points. The result is showed in Table 1 .
Euclidean distance in Eq.1 is chosen as the threshold for the accuracy of matching algorithm. In this article, we use 1.5 to 3 times of the minimum distance as a threshold and choose a suitable threshold until the match points to meet the requirements during 1.5 to 3. Figure 7 shows the feature point matching results of SURF algorithm with a threshold of 1.5* min_dist. Take the collected figure on the right in Figure 7 (dpi: 1600*1200) for example, we detected the feature points by this algorithm and compared it with the ordinary SURF algorithm after image preprocessing through setting different threshold to extract and describe the right amount of feature points. Test results are the average of five experiments as shown in the table below: The template size and collected figure size of Figure 8 are 1500*500 and 1600*1200 respectively, the matching effect of correlation coefficient matching method using Eq.3 is shown in Figure 9 : It can be seen from Tab.1 that the feature point detection rate was improved obviously compared to the SURF algorithm due to the acceleration of FAST feature point detection. Subsection computing time of FAST feature point detection just has tens of milliseconds, the rest of the time is spent on the description of feature point.
We can found from Tab.2 that when matching number within a reasonable range, matching time can be controlled well and matching accuracy are also more than two-thirds.
From Figure 8 and Figure 9 , it can be found that the algorithm carried out the match under the conditions of perspective and scale changes, and graphics rotation, laiding down the foundation for the following defect detection by difference image methods.
Summary
The proposed detection method has been combined into a system software, and with a PC and video capture card, has been put into practical use. The results show that for images even with poor quality, the detection system is robust and can obtain high detection accuracy.
